In this study we tested the hypothesis that after administration of a single intraperitoneal dose of concanavalin A (Con-A) to mice, the proportion of neutrophils and macrophages in the peritoneal exudate and their phagocytic and candidacidal activities should change with time. The number of neutrophils in the peritoneal exudate was greatly increased 6 h after administration of Con-A, and those cells were able to kill both intracellular and extracellular yeast and germ tube forms of Candida albicans. Addition of catalase to the culture medium reduced the killing of C. albicans, suggesting that the candidacidal activity depended on the myeloperoxidase system. The survival of mice pretreated with Con-A and submitted to an inoculum of C. albicans 6 h afterwards was twice higher than that of controls, which suggests that neutrophils were able to clear the experimental infection. One day after the treatment, the population of neutrophils in the exudate was about 45%, but after 2 days it was reduced to only 5% and the candidacidal activity was also reduced. After 4 days the exudate contained over 95% of macrophages, the candidacidal activity reached a maximum, and the phagocytosis mediated by both complement receptors and mannose receptors was increased. Uptake of FITC^mannose^BSA by macrophages was maximal on about the 4th day and was inhibited by mannan, suggesting that treatment with Con-A increased the activity of mannose receptors. These results support the hypothesis that activation of cellular immunity by Con-A occurred in two phases, one dominated by neutrophils, and the other by macrophages expressing increased activity of mannose receptors. ß
Introduction
Disseminated candidiasis is being recognized with increasing frequency in patients with a variety of underlying diseases [1] . Some invasive medical procedures [2, 3] and drug therapies [4^8] that alter cellular immune defences facilitate fungal infections. Neutrophils are extremely important in non-speci¢c defences against systemic infection caused by Candida albicans, as shown by the facts that neutropenic patients are highly susceptible to fungal infection, that the disappearance of yeast cells from tissues parallels the appearance of neutrophils, and that patients with leukocyte defects often develop candidiasis [9] . Candida blastopores can be phagocytized and killed by phagocytic cells, and neutrophils are able to kill candida pseudohyphae and hyphae through both oxidative and nonoxidative mechanisms even without ingesting the latter forms [10] .
Macrophages also play an important role in the cellular defences against candidiasis. Thus, the elimination of mouse splenic macrophages but not of neutrophils by intravenous delivery of liposome-entrapped dichloromethylene diphosphonate decreased the clearance of C. albicans from blood and kidneys, and those mice did not survive as long as control ones [11] . We previously observed that 4 days after administration of a single dose of concanavalin A (Con-A) to mice there was a predominance of activated macrophages in their peritoneal exudate, and that those macrophages phagocytosed a signi¢cantly greater number of C. albicans than macrophages from control mice [12] . Moreover, we also observed that pretreatment of mice with Con-A increased their capacity to clear an inoculum of C. albicans from the peritoneal cavity, spleen, kidneys and liver [13] . These results suggest that activated macrophages were able to eliminate C. albicans, and in this study we tested the hypothesis that the proportion of neutrophils and macrophages in the peritoneal exudate and their phagocytic and candidacidal activities should change with time after administration of a single dose of Con-A to mice.
Materials and methods
2.1. C. albicans culture C. albicans strain 577 was isolated from a patient with mucocutaneous candidiasis. Fungal cells were grown in Sabouraud dextrose broth (Difco Laboratories, Detroit, MI, USA) at 28 ‡C for 24 h. The blastoconidia were harvested by centrifugation and resuspended at the desired concentration in RPMI medium (Sigma) containing (1%) human albumin (kindly provided by Blausiegel Laboratorie, Cotia, SP, Brazil) referred to as complete medium (CM). More than 95% of the cells were in the yeast form before co-cultivation with phagocytes or inoculation into mice.
Treatment of mice
Swiss male mice weighing 28^32 g and 2^3 months old were treated with a single dose of 250 Wg of Con-A (Sigma)/0.5 ml phosphate bu¡ered saline (PBS), or with PBS only, via the intraperitoneal (i.p.) route 1, 2, 3, 4, 6, or 10 days before collection of their peritoneal exudate cells for assays. In another set of experiments, we evaluated the survival of mice similarly pretreated with either Con-A or PBS that received an inoculum of C. albicans (10 8 yeast cells/0.5 ml PBS) 6 h after the treatment.
Sera
Non-immune mouse serum was obtained from Swiss mice. The mice were exsanguinated through the brachial plexus under ether anesthesia, and whole blood was allowed to clot for 60 min on ice and centrifuged at 1000Ug for 10 min at 4 ‡C. Serum was removed and used immediately for opsonization of C. albicans.
Phagocytosis assays
The mice were killed following ether anesthesia, and the peritoneal exudate cells were collected by washing the peritoneal cavity with 4 ml of CM and counted in a hemacytometer. The cells were diluted to 4U10 5 cells ml 31 and incubated on coverslips for 1 h at 37 ‡C to allow adherence of phagocytic cells to the glass surface.
Monolayers of peritoneal phagocytes were incubated for 30 min at 37 ‡C with 1 ml of serum-free CM bu¡ered to pH 7.0 with 6 mM HEPES containing 10 yeast cells per phagocyte as described previously [12] . Opsonization was performed by adding 2.5% (v/v) of non-immune mouse serum to 4U10 6 C. albicans cells ml 31 in CM for 5 min at 37 ‡C. The yeast cells were then co-incubated with phagocytes. As a control, C. albicans were incubated with serum previously inactivated by heating at 56 ‡C for 30 min. A total of 200 phagocytes were analyzed for each preparation, and the percentage of phagocytes which had phagocytosed candida and the mean number of blastoconidia cells per phagocytes were counted after staining the cells with May^Grunwald^Giemsa.
Candidacidal assay
The candidacidal activity of macrophages was assayed according to the method described by Cenci et al. [14] . Brie£y, 4U10
5 exudate cells were plated (0.2 ml/well) in 24-well plates with lids (Corning Costar, New York, NY, USA) and incubated with 4U10 6 blastoconidia in 0.8 ml of CM for 30 min at 37 ‡C. Sterilized double-distilled water (1 ml) containing 0.5% of Triton X-100 (Pharmacia) was added to the wells for 10 min. Serial 10-fold dilutions from each well were made in PBS. Aliquots (100 Wl) were plated on Sabouraud agar and the number of colony forming units (CFU) was determined after incubation for 48 h at 37 ‡C. The percentage of CFU reduction (mean þ S.D.) was determined as follows : percentage of CFU reduction = 1003(CFU experimental group/CFU control cultures)U100. Control cultures consisted of C. albicans cells incubated without e¡ector cells. The results represent the average of four independent experiments and two replicates per mouse.
Mannose receptor activity
To evaluate the presence of the mannose receptor on cell surfaces and its internalization, we adapted for £uo-rescence microscopy a previously described spectrophotometric technique [15] based on the binding of £uorescein isothiocyanate (FITC)-labeled mannose^BSA (Sigma). Monolayers of phagocytes from mice pretreated with Con-A (4U10 5 cells/well, on slides, 24-well plates) were incubated with 40 Wg of FITC^mannose^BSA per 0.5 ml PBS for 15 min at 37 ‡C, either with or without 0.1 mg ml 31 of mannan (Sigma), and washed in PBS. The preparations were mounted in glycerol^PBS and analyzed by £uorescence microscopy (Zeiss).
Ex vivo phagocytic assays
Two groups of mice (four mice per group) were pretreated with a single dose of Con-A (250 Wg in 0.5 ml PBS). After 6 h, one group received an inoculum (i.p.) of C. albicans (10 8 cells ml 31 PBS) and the other C. albicans plus catalase (100 Wg in 100 Wl PBS; Sigma). After 1 h the mice were killed, and the recruitment of neutrophils to the site of infection and their capacity to kill C. albicans were evaluated by staining the exudate cells with acridine orange (70 Wg in 10 Wl) for 15 min at 37 ‡C [16] . The preparations were observed in a Zeiss £uorescence photo-microscope (blue^violet irradiation : heat ¢lter, BG-38 and BG-12 excitation ¢lters, and 530 barrier ¢lter) ; viable C. albicans stain dull green, except for pinpoint orange nucleoli, whereas killed cells become uniformly bright orange as previously observed for Saccharomyces cerevisiae [16] .
Statistical methods
Statistical signi¢cance was calculated by means of Student's t-test; a P value of less than 0.05 was considered signi¢cant.
Results

E¡ect of Con-A on the phagocytosis of C. albicans
The population of peritoneal phagocytes from mice pretreated with Con-A contained about 45% of neutrophils and 55% of macrophages 1 day after the treatment, which changed to about 5% and 95% respectively 2 days after the treatment and was so maintained up to the 10th day (Table 1). Normal mouse serum increased the phagocytosis of C. albicans by those neutrophils, whereas heat-inactivated serum did not have that e¡ect ; moreover, the percentage of phagocytosing neutrophils and the mean number of blastoconidia per neutrophil approximately doubled in the presence of serum ( Table 2) .
The percentage of macrophages phagocytosing C. albicans via complement receptors increased from the 1st to the 4th day after treatment with Con-A and returned to near control values afterwards (Fig. 1A) ; in the absence of added serum, the percentage of phagocytosing macrophages was also greater between days 1 and 4 and decreased thereafter (Fig. 1A) . The mean number of blastoconidia per macrophage reached a maximum at days 3 and 4 (Fig. 1B) , which suggests a possible enhancement of the activity of mannose receptors during that period.
Evaluation of the activity of mannose receptors
Only a small number of the phagocytes from the peritoneal exudate collected 4 days after an i.p. injection of PBS internalized the glycoconjugate FITC^mannose^BSA ( Fig. 2A) , whereas almost all macrophages collected 4 days after administration of Con-A exhibited bright granules of internalized glycoconjugate (Fig. 2B) . Addition of mannan to the assay medium inhibited the uptake of FITC^man- Table 1 E¡ect of treatment with Con-A on the population of mice peritoneal phagocytes nose^BSA. Moreover, co-incubation of macrophages and C. albicans for 30 min before addition of FITC^mannoseB SA to the assay medium also inhibited the uptake of this glycoconjugate (micrograph not shown). A reduction on the uptake of the glycoconjugate was clearly discernible from the 5th to the 10th day after Con-A treatment (micrograph not shown).
E¡ect of Con-A on the killing of C. albicans by phagocytes
Phagocytes from mice treated with a single dose of Con-A killed signi¢cantly more C. albicans than control ones, and the percentage of killed C. albicans reached a maximum on the 4th day after treatment and decreased thereafter (Fig. 3) .
Recruitment of neutrophils by Con-A and experimental candidiasis
Assays ex vivo were carried out to study the early migration of neutrophils and their role on the killing of C. albicans inoculated into the peritoneal cavity. Mice that had received a single dose of Con-A 6 h beforehand were inoculated i.p. with C. albicans, and after 1 h their peritoneal exudates were collected for £uorescence microscopy analysis. Neutrophils from the exudate showed intensely stained lysosomes carrying killed (orange) C. albicans (Fig. 4A) ; killed germ tubes were observed outside the neutrophils. In similar experiments, catalase was added to the C. albicans inoculum and the peritoneal exudate was collected after 1 h; living (unstained) germ tubes were then observed inside neutrophils and in the extracellular environment (Fig. 4B) . Peritoneal exudate cells from mice treated 6 h beforehand with Con-A and incubated in vitro with C. albicans showed a reduction of about 80% of the inoculum of C. albicans when catalase was not added, whereas that reduction was about 40% when catalase was added to the medium (Fig. 5) .
The above results concerning the migration and candidacidal activity of neutrophils prompted us to test whether a single dose of Con-A could increase the survival of mice to an inoculum of C. albicans administered 6 h afterwards. As shown in Fig. 6 , the survival of treated mice was signi¢cantly greater (P 6 0.05) than that of untreated ones.
Discussion
This study shows that a few hours after administration (i.p.) of Con-A there was an increase in the population of neutrophils in the peritoneal exudate, and that those neutrophils were e¡ective in killing in vivo yeast and germ tube forms of C. albicans. Addition of catalase to the inoculum reduced the killing of C. albicans (Fig. 4B) , as we expected from the fact that H 2 O 2 produced during the phagocytosis-associated respiratory burst is a substrate for the formation of hypochlorous acid, which is catalyzed by myeloperoxidase released by neutrophils [17] . To test further this hypothesis, we evaluated in vitro the candidacidal activity of phagocytes from peritoneal exudates obtained under similar conditions; we observed that phagocytes activated by Con-A reduced the inoculum by about 80%, but that addition of catalase to the medium decreased that value to about 40%, in agreement with our hypothesis. Although administration of catalase did not alter the outgrowth of Candida CFU in the kidneys, simultaneous administration of catalase and recombinant murine granulocyte colony-stimulating factor (rG-CSF) abolished the protective e¡ect of rG-CSF on mice survival and tissue burden of microorganisms [18] . This suggests that rG-CSF acted through activation of neutrophils. Therefore, these observations support the conclusion that the increased survival a¡orded by a single dose of Con-A (Fig. 6 ) is a consequence of the early activation of the phagocytic and candidacidal activities of neutrophils.
One day after treatment with Con-A, the presence of neutrophils probably masked the contribution of macrophages to the killing of C. albicans, but the increased phagocytosis mediated by complement receptors suggests the participation of macrophages (Fig. 1) . After 2 days, the proportion of neutrophils in the peritoneal exudate decreased to only about 5%, and the candidacidal activity was concomitantly reduced. However, the candidacidal Fig. 4 . Recruitment and candidacidal activity of neutrophils in ex vivo assays. Peritoneal exudate cells were collected 1 h after inoculation of 10 8 C. albicans into the peritoneal cavity of mice treated 6 h beforehand with a single dose (i.p.) of Con-A. Almost all yeasts and germ tubes stained uniformly, bright orange, either inside or outside neutrophils (A); viable (unstained) blastoconidia can be observed inside neutrophils or in the extracellular environment when catalase was added to the C. albicans inoculum (B). activity signi¢cantly increased again and reached a maximum on about the 4th day, when macrophages comprised over 95% of the exudate cells. These results suggest that activation of the immune cellular defences by Con-A occurred in two phases, an early one during which the neutrophils were the main activated cells, and a second one where activated macrophages predominated. In agreement with this conclusion, we previously observed that the survival of mice to an inoculum of Serratia marcescens [19] or C. albicans [20] was increased by administration of Con-A 4 days beforehand.
The phagocytoses mediated by complement receptors and by mannose receptors were increased 4 days after administration of Con-A, suggesting that the activity of the macrophages' mannose receptors was enhanced during that period. We found that the internalization of the mannose^FITC^BSA ligand was e¡ectively increased between the 3rd and 4th day post treatment, and that it was decreased by addition of mannan to the medium or by previous phagocytosis of C. albicans, corroborating our interpretation that the activity of mannose receptors was increased by the administration of Con-A. On the other hand, alveolar macrophages from individuals infected with the human immunode¢ciency virus presented a greatly reduced expression of mannose receptors and a decreased ability to bind and ingest Pneumocystis carinii [21] . This is further evidence for the importance of those receptors on innate cellular immunity. The results of this study show that neutrophils and macrophages are activated by Con-A following di¡erent temporal patterns, and that those macrophages express increased mannose receptor activity. Identi¢cation of intermediary steps involved in activation by Con-A might be useful for discovering new ways to enhance innate cellular immunity. 
